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Description

[0001] This application claims the benefit of Japanese
Priority Patent Application JP 2016-053247 filed March
17, 2016, the entire contents of which are incorporated
herein by reference.
[0002] The present disclosure relates generally, but
not exclusively, to an image stabilization device, an im-
age stabilization method, and an electronic apparatus.
[0003] When an imaging device executes imaging
processing in a state where an imaging person holds the
imaging device with the hand, disorder of an image may
occur due to a camera shake. Hence, the imaging device
is provided with a camera shake correction function.
There are two common types of camera shake correction
methods, namely, an optical method (optical image sta-
bilization, OIS) and an electronic method (electrical im-
age stabilization, EIS).
[0004] During the imaging of moving images and dur-
ing the continuous imaging of still images, a camera
shake correction function in which optical camera shake
correction and electronic camera shake correction are
combined may be used. For example, as described in
JP 4618370B below, there is a technology in which the
camera shake correction processing in the exposure time
of one frame (in-plane correction) is performed by optical
camera shake correction and the camera shake correc-
tion processing in the period other than the exposure time
(inter-plane correction) is performed by electronic cam-
era shake correction.
[0005] However, in the case where the in-plane cor-
rection is performed by optical camera shake correction
and the inter-plane correction is performed by electronic
camera shake correction, there is a case where the in-
plane correction by optical camera shake correction can-
not be performed favorably, depending on imaging con-
ditions such as the exposure time.
[0006] Thus, an embodiment of the present disclosure
proposes a new and improved image stabilization device,
a new and improved image stabilization method, and a
new and improved electronic apparatus that can achieve
favorable camera shake correction.
[0007] According to an embodiment of the present dis-
closure, there is provided an image stabilization device
including: a control unit configured to perform first camera
shake correction processing based on an optical camera
shake correction method using a lens and second cam-
era shake correction processing based on an electronic
camera shake correction method of cutting out a cap-
tured image. In a case where an exposure time satisfies
a condition, the control unit operates in a first camera
shake correction mode in which a centering operation of
returning the lens to a center position at a time point of
start of each frame is performed in a period other than
the exposure time and then the first camera shake cor-
rection processing is performed in the exposure time,
and the second camera shake correction processing is
performed in the period other than the exposure time,

and in a case where the exposure time does not satisfy
the condition, the control unit operates in a second cam-
era shake correction mode different from the first camera
shake correction mode.
[0008] Further, according to an embodiment of the
present disclosure, there is provided an image stabiliza-
tion method including: assessing whether an exposure
time satisfies a condition or not; and in a case of satisfying
the condition, operating in a first camera shake correction
mode in which a centering operation of returning a lens
to a center position at a time point of start of each frame
is performed in a period other than the exposure time
and then first camera shake correction processing based
on an optical camera shake correction method using the
lens is performed in the exposure time, and second cam-
era shake correction processing based on an electronic
camera shake correction method of cutting out a cap-
tured image is performed in the period other than the
exposure time, and in a case of not satisfying the condi-
tion, operating in a second camera shake correction
mode different from the first camera shake correction
mode.
[0009] Further, according to an embodiment of the
present disclosure, there is provided an electronic appa-
ratus including: the image stabilization device.
[0010] As described above, according to an embodi-
ment of the present disclosure, a new and improved im-
age stabilization device, a new and improved image sta-
bilization method, and a new and improved electronic
apparatus that can achieve favorable camera shake cor-
rection can be provided.
[0011] Note that the effects described above are not
necessarily limitative. With or in the place of the above
effects, there may be achieved any one of the effects
described in this specification or other effects that may
be grasped from this specification.
[0012] Various respective aspects and features of the
invention are defined in the appended claims. Combina-
tions of features from the dependent claims may be com-
bined with features of the independent claims as appro-
priate and not merely as explicitly set out in the claims.
[0013] Embodiments of the invention will now be de-
scribed with reference to the accompanying drawings,
throughout which like parts are referred to by like refer-
ences, and in which:

FIG. 1 is an illustration diagram showing an example
of the functional configuration of an electronic appa-
ratus 10 according to an embodiment of the present
disclosure;
FIG. 2 is an illustration diagram showing an example
of the configuration of an imaging unit 11 according
to the embodiment;
FIG. 3 is an illustration diagram showing an example
of the configuration of an image sensor 120 accord-
ing to the embodiment;
FIG. 4 is a flow chart showing an example of the
operation of the imaging unit 11 according to the em-
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bodiment;
FIG. 5 is an illustration diagram showing an overview
of first camera shake correction processing;
FIG. 6 is an illustration diagram showing an overview
of a first example of second camera shake correction
processing;
FIG. 7 is an illustration diagram showing a detailed
overview of the first camera shake correction
processing;
FIG. 8 is an illustration diagram showing a detailed
overview of the first example of the second camera
shake correction processing;
FIG. 9 is an illustration diagram showing a detailed
overview of a second example of the second camera
shake correction processing;
FIG. 10A is an illustration diagram showing an ex-
ample of the electronic camera shake correction
processing in the first camera shake correction
processing;
FIG. 10B is an illustration diagram showing an ex-
ample of the electronic camera shake correction
processing with reference to the value of a Hall ele-
ment in the second example of the second camera
shake correction processing; and
FIG. 11 is an illustration diagram showing a detailed
overview of a third example of the second camera
shake correction processing.

[0014] Hereinafter, (a) preferred embodiment(s) of the
present disclosure will be described in detail with refer-
ence to the appended drawings. In this specification and
the appended drawings, structural elements that have
substantially the same function and structure are denoted
with the same reference numerals, and repeated expla-
nation of these structural elements is omitted.
[0015] The description is given in the following order.

1. Embodiment of the present disclosure

1.1. Overview
1.2. Example of configuration
1.3. Examples of operation

2. Conclusions

<1. Embodiment of the present disclosure>

[1.1. Overview]

[0016] Before describing an embodiment of the
present disclosure in detail, first an overview of the em-
bodiment of the present disclosure is described.
[0017] As described above, when an imaging device
executes imaging processing in a state where an imaging
person holds the imaging device with the hand, disorder
of an image may occur due to a camera shake. Hence,
the imaging device is provided with a camera shake cor-
rection function. There are two common types of camera

shake correction methods, namely, an optical method
(OIS) and an electronic method (EIS). The OIS is a meth-
od that moves a lens or an image sensor and thereby
cancels the camera shake, and the EIS is a method that
records an image with a shift in accordance with the
amount of movement and thereby makes the shake of
the subject seem to have disappeared.
[0018] During the imaging of moving images and dur-
ing the continuous imaging of still images, a camera
shake correction function in which optical camera shake
correction and electronic camera shake correction are
combined may be used. In the case where optical camera
shake correction and electronic camera shake correction
are combined, there is a concept that optical camera
shake correction is used as the main function and elec-
tronic camera shake correction is used as a secondary
function. More specifically, this is a concept that optical
camera shake correction is made to be performed con-
tinuously at all times in accordance with a signal of a gyro
sensor or the like, and electronic camera shake correc-
tion is performed only when the correction angle of the
optical camera shake correction is not enough and when
the correction in the rolling direction, in which the optical
camera shake correction cannot make correction, is per-
formed.
[0019] On the other hand, there is a technology in
which the camera shake correction processing in the ex-
posure time of one frame (in-plane correction) is per-
formed by optical camera shake correction and the cam-
era shake correction processing in the period other than
the exposure time (inter-plane correction) is performed
by electronic camera shake correction.
[0020] In the case where optical camera shake correc-
tion is used as the main camera shake correction
processing regardless of whether it is for the in-plane
correction or the inter-plane correction, it is necessary to
solve the following issues.
[0021] The first is that optical camera shake correction
is physical correction and is therefore limited to real-time
control. These days, also a technology that has achieved
a significant improvement in camera shake correction
performance is disclosed. For example, JP
2013-258468A discloses a technology in which a shift in
the future in terms of time is observed and correction is
made a little later with a delay. However, the reason why
this technology can be implemented is that this is not
optical camera shake correction, for which real-time con-
trol is essential, but electronic camera shake correction.
[0022] The second is that optical camera shake cor-
rection has a physical correction end; although upon
reaching the correction end it is necessary to compen-
sate the remaining balance of correction by electronic
camera shake correction, the remaining balance of cor-
rection cannot be found accurately. In optical camera
shake correction, the processing of controlling a vibra-
tion-proof lens in accordance with a signal of a gyro sen-
sor is performed. In practice, the processing of perform-
ing feedback control by observing the position of a vibra-
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tion-proof lens using a Hall element that detects magnetic
force is performed.
[0023] This feedback control enables stable braking
provided that it is performed for a relatively long time.
However, at the time of ever-changing vibration like a
camera shake, unstable behavior is exhibited at all times,
and there are also an error, processing delay, etc. of the
dynamic Hall element; hence, it is difficult to acquire the
position of the vibration-proof lens at a certain moment
accurately. Consequently, even if it is attempted to, upon
reaching the correction end, compensate the remaining
balance of correction by electronic camera shake correc-
tion, the correction performance is poor.
[0024] On the other hand, in the case where optical
camera shake correction and electronic camera shake
correction are clearly assigned to in-plane and inter-
plane, respectively, a centering operation that returns the
vibration-proof lens to the center position before the start
of exposure is performed for each frame. By the centering
operation, the events described above are less likely to
occur. Electronic camera shake correction is free from
the influence of optical camera shake correction, and
may be performed in accordance with a signal from the
gyro sensor at all times.
[0025] Furthermore, by performing the centering oper-
ation for each frame, the vibration-proof lens is always
located in the center position at the time point of the start
of the exposure of each frame. Thereby, there is an ad-
vantage that the performance of in-plane blur correction
by optical camera shake correction is exhibited to the
fullest, and there is also an advantage of working in favor
of the correction of rolling shutter distortion peculiar to
CMOS image sensors.
[0026] However, in the case where a long exposure
time is needed, such as in imaging in dark places, the
time for the centering operation is shortened, and it is
difficult to return the vibration-proof lens to the center
position before the start of exposure. That is, in the case
where the in-plane correction is performed by optical
camera shake correction and the inter-plane correction
is performed by electronic camera shake correction,
there is a case where the in-plane correction cannot be
performed favorably, depending on imaging conditions
such as the exposure time.
[0027] Thus, in view of the issues described above,
the present discloser conducted extensive studies on
technology by which camera shake correction process-
ing can be performed favorably in the case where the in-
plane correction is performed by optical camera shake
correction and the inter-plane correction is performed by
electronic camera shake correction. As a result, the
present discloser has developed a technology by which
camera shake correction processing can be performed
favorably in the case where the in-plane correction is
performed by optical camera shake correction and the
inter-plane correction is performed by electronic camera
shake correction, as described below.
[0028] In the above, an overview of an embodiment of

the present disclosure is described.

[1.2. Example of functional configuration]

[0029] Next, an example of the functional configuration
of an electronic apparatus according to an embodiment
of the present disclosure is described. FIG. 1 is an illus-
tration diagram showing an example of the functional
configuration of an electronic apparatus 10 according to
an embodiment of the present disclosure. An example
of the functional configuration of the electronic apparatus
10 according to an embodiment of the present disclosure
will now be described using FIG. 1.
[0030] As shown in FIG. 1, the electronic apparatus 10
according to an embodiment of the present disclosure is
configured to include an imaging unit 11, an image
processing unit 12, a display unit 13, a control unit 14, a
storage unit 15, and a manipulation unit 16.
[0031] The imaging unit 11 is configured to include a
lens, a sensor module, etc., and stores electrons for a
prescribed period in accordance with the image formed
on the light receiving surface of the sensor module
through the lens. The imaging unit 11 performs pre-
scribed signal processing on a signal in accordance with
the stored electrons. Then, the imaging unit 11 outputs
the signal that has undergone signal processing to the
image processing unit 12. The configuration of the sensor
module included in the imaging unit 11 is described in
detail later.
[0032] The imaging unit 11 may execute, as the pre-
scribed signal processing mentioned above, signal
processing such as camera shake correction processing
based on the optical camera shake correction method or
the electronic camera shake correction method, auto-
matic white balance processing, automatic exposure
processing, distortion correction processing, defect cor-
rection processing, noise reduction processing, and high
dynamic range imaging processing.
[0033] The image processing unit 12 is formed of, for
example, an application processor (AP), and executes
image processing using a signal outputted from the im-
aging unit 11. Examples of the image processing exe-
cuted by the image processing unit 12 include demosaic
processing using a signal outputted from the imaging unit
11, display processing of an image after demosaic
processing on the display unit 13, storage processing on
the storage unit 15, etc. The image processing unit 12
may perform electronic camera shake correction
processing.
[0034] The display unit 13 is a display device formed
of, for example, a liquid crystal display, an organic EL
display, or the like. The display content of the display unit
13 is controlled by the control unit 14. For example, on
the basis of the control of the control unit 14, the display
unit 13 displays an image that is captured by the imaging
unit 11 and has undergone image processing by the im-
age processing unit 12.
[0035] The control unit 14 is formed of, for example, a
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processor such as a central processing unit (CPU), a
ROM, a RAM, etc., and controls the operation of each
part of the electronic apparatus 10.
[0036] The storage unit 15 is formed of, for example,
a storage medium such as a nonvolatile memory, such
as a flash memory. The storage unit 15 stores an image
that is captured by the imaging unit 11 and has undergone
image processing by the image processing unit 12. The
image stored in the storage unit 15 may be displayed on
the display unit 13 in accordance with the manipulation
by the user of the electronic apparatus 10.
[0037] The manipulation unit 16 is a device for the ma-
nipulation of the electronic apparatus 10, and is formed
of, for example, buttons, a touch panel, etc. In the case
where the manipulation unit 16 includes a touch panel,
the touch panel is provided on the display surface of the
display unit 13. When the user of the electronic apparatus
10 intends to record an image captured by the imaging
unit 11 in the electronic apparatus 10, the user manipu-
lates a specific button of the manipulation unit 16 to bring
about a shutter trigger. On sensing the occurrence of a
shutter trigger, the imaging unit 11 and the image
processing unit 12 execute processing for recording an
image in accordance with the occurrence of the shutter
trigger in the electronic apparatus 10.
[0038] The electronic apparatus 10 shown in FIG. 1 is
not limited to a specific apparatus, and may have various
forms, such as a digital camera, a smartphone, a tablet-
type mobile terminal, a mobile music playing device, and
a game machine.
[0039] In the above, an example of the functional con-
figuration of the electronic apparatus 10 according to an
embodiment of the present disclosure is described. Next,
an example of the configuration of the imaging unit 11 of
the electronic apparatus 10 according to an embodiment
of the present disclosure is described.
[0040] FIG. 2 is an illustration diagram showing an ex-
ample of the configuration of the imaging unit 11 accord-
ing to an embodiment of the present disclosure. An ex-
ample of the configuration of the imaging unit 11 accord-
ing to an embodiment of the present disclosure will now
be described using FIG. 2.
[0041] As shown in FIG. 2, the imaging unit 11 accord-
ing to an embodiment of the present disclosure is con-
figured to include a lens unit 20 and a sensor module
100. The sensor module 100 is configured to include a
gyro sensor 110, an image sensor 120, a driver 130, and
an actuator 140.
[0042] The lens unit 20 is a lens group for causing a
subject image to be formed on the imaging surface of the
image sensor. The lens unit 20 includes, in order to per-
form optical camera shake correction, a vibration-proof
lens of which the position is moved by a signal from the
actuator 140. The position of the vibration-proof lens is
moved in two axial directions orthogonal to the optical
axis by a signal from the actuator 140, for example.
[0043] The gyro sensor 110 is a sensor that detects
the posture of the electronic apparatus 10, and outputs

sensing data to the driver 130.
[0044] The image sensor 120 is formed of a comple-
mentary metal oxide semiconductor (CMOS) device or
a charge-coupled device (CCD). In this embodiment, a
description is given on the assumption that the image
sensor 120 is a CMOS device. In the image sensor 120,
light sensors are arranged in a matrix configuration on a
semiconductor substrate, and a subject image coming
through the lens unit 20 is detected and a signal charge
is generated. The image sensor 120 reads the generated
signal charge via a vertical signal line and a horizontal
signal line, and performs signal processing on the signal
in its interior and outputs the signal to the image process-
ing unit 12 in a later stage. In the case where the image
sensor 120 is a CMOS device, exposure control is per-
formed with a global shutter and a rolling shutter as elec-
tronic shutters. Exposure control is performed by, for ex-
ample, the image processing unit 12. The image sensor
120 may have a stacked structure in which a plurality of
semiconductor substrates are stacked.
[0045] The driver 130 performs, by the control of the
image processing unit 12, the operation control of the
actuator 140 based on the sensing data from the gyro
sensor 110, for example. In this embodiment, in the ex-
posure time, the driver 130 performs the operation control
of the actuator 140 on the basis of the sensing data from
the gyro sensor 110; and in the period other than the
exposure time, the driver 130 performs the centering op-
eration of the vibration-proof lens, that is, performs the
operation control of the actuator 140 so that the vibration-
proof lens moves to the center position.
[0046] The actuator 140 performs the control of moving
the position of the vibration-proof lens on the basis of the
operation control by the driver 130. In this embodiment,
in the exposure time, the actuator 140 performs the con-
trol of moving the position of the vibration-proof lens on
the basis of the operation control from the driver 130; and
in the period other than the exposure time, the actuator
140 performs control for the centering operation of the
vibration-proof lens on the basis of the operation control
from the driver 130.
[0047] The imaging unit 11 according to an embodi-
ment of the present disclosure has a configuration like
that shown in FIG. 2; thus, when performing camera
shake correction processing, the imaging unit 11 per-
forms optical camera shake correction as the camera
shake correction in the exposure time of each frame (in-
plane correction), and performs, in the period other than
the exposure time, the centering operation and electronic
camera shake correction as the camera shake correction
in the period other than the exposure time (inter-plane
correction). The electronic camera shake correction
processing may be performed by a circuit formed on a
substrate included in the image sensor 120, or the elec-
tronic camera shake correction processing may be per-
formed by the image processing unit 12 in a later stage.
[0048] As described above, in the case where optical
camera shake correction is performed as the in-plane
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correction and electronic camera shake correction is per-
formed as the inter-plane correction, there is a case
where the centering operation cannot be completed in
the period other than the exposure time, depending on
the condition of the exposure time.
[0049] Thus, in the case where the centering operation
cannot be completed in the period other than the expo-
sure time due to the condition of the exposure time, the
imaging unit 11 according to an embodiment of the
present disclosure performs camera shake correction
processing by an operation different from the camera
shake correction processing that performs optical cam-
era shake correction as the in-plane correction and per-
forms electronic camera shake correction as the inter-
plane correction.
[0050] Thus, by changing the content of camera shake
correction processing in accordance with the condition
of the exposure time, the imaging unit 11 according to
an embodiment of the present disclosure can achieve
favorable camera shake correction. Details of the oper-
ation of the imaging unit 11 are described in detail later.
[0051] Next, an example of the configuration of the im-
age sensor 120 according to an embodiment of the
present disclosure is described. FIG. 3 is an illustration
diagram showing an example of the configuration of the
image sensor 120 according to an embodiment of the
present disclosure.
[0052] As shown in FIG. 3, the image sensor 120 ac-
cording to an embodiment of the present disclosure in-
cludes a pixel substrate 121 and a signal processing sub-
strate 123. The pixel substrate 121 and the signal
processing substrate 123 may be formed on the same
flat surface, or may be formed so as to be stacked.
[0053] The pixel substrate 121 includes an imaging el-
ement 122 formed of a pixel area in which unit pixels are
formed in an array configuration. A pixel signal outputted
by the imaging element 122 is sent to the signal process-
ing substrate 123.
[0054] The signal processing substrate 123 includes a
control unit 124 and a signal processing unit 125.
[0055] On the basis of a signal sent from the image
processing unit 12, the control unit 124 instructs the sig-
nal processing unit 125 to perform signal processing on
a pixel signal, and outputs a signal to the driver 130 in
order to control the operation of the actuator 140, for ex-
ample. The control unit 124 receives a signal related to
the information of the exposure time from the image
processing unit 12, for example.
[0056] The signal processing unit 125 performs signal
processing on a pixel signal outputted by the imaging
element 122, and outputs the signal after processing to
the image processing unit 12. The signal processing unit
125 may perform camera shake correction processing
based on the electronic camera shake correction meth-
od, for example.
[0057] The control unit 124 outputs a signal to the driver
130 so as to perform optical camera shake correction as
the in-plane correction and perform electronic camera

shake correction as the inter-plane correction. However,
in the case where, with reference to the information of
the exposure time sent from the image processing unit
12, it is found that the centering operation cannot be com-
pleted in the period other than the exposure time due to
the condition of the exposure time, the driver 130 and
the signal processing unit 125 are caused to operate so
as to perform camera shake correction processing by an
operation different from the camera shake correction
processing that performs optical camera shake correc-
tion as the in-plane correction and performs electronic
camera shake correction as the inter-plane correction.
[0058] By the execution of an operation like that de-
scribed above by the control unit 124, the image sensor
120 according to an embodiment of the present disclo-
sure can achieve favorable camera shake correction.

[1.3. Examples of operation]

[0059] Next, examples of the operation of the imaging
unit 11 according to an embodiment of the present dis-
closure are described.
[0060] FIG. 4 is a flow chart showing an example of
the operation of the imaging unit 11 according to an em-
bodiment of the present disclosure. What is shown in
FIG. 4 is an example of the operation of the imaging unit
11 at the time of, during imaging processing, executing
camera shake correction processing in which optical
camera shake correction and electronic camera shake
correction are combined. An example of the operation of
the imaging unit 11 according to an embodiment of the
present disclosure will now be described using FIG. 4.
[0061] When executing camera shake correction
processing, the imaging unit 11 usually performs camera
shake correction processing that performs optical cam-
era shake correction as the in-plane correction, then per-
forms the centering operation of the vibration-proof lens
in the period other than the exposure time, and performs
electronic camera shake correction as the inter-plane
correction. This camera shake correction processing
may be referred to as first camera shake correction
processing.
[0062] During the execution of the first camera shake
correction processing, based on a change in exposure
time or the like, the imaging unit 11 assesses whether
the completion of the centering of the vibration-proof lens
is possible in the period other than the exposure time or
not (step S101). The assessment processing of step
S101 is executed by, for example, the control unit 124.
[0063] In the case where the result of assessment of
step S101 above shows that the completion of the center-
ing of the vibration-proof lens is possible in the period
other than the exposure time (Yes in step S101), subse-
quently the imaging unit 11 executes camera shake cor-
rection by the first camera shake correction processing
(step S102).
[0064] On the other hand, in the case where the result
of assessment of step S101 above shows that the com-
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pletion of the centering of the vibration-proof lens is not
possible in the period other than the exposure time (No
in step S101), subsequently the imaging unit 11 executes
camera shake correction by processing of which the con-
tent is different from the first camera shake correction
processing (second camera shake correction process-
ing) (step S103).
[0065] The second camera shake correction process-
ing that the imaging unit executes in the case where the
completion of the centering of the vibration-proof lens is
not possible in the period other than the exposure time
will now be described with three examples in this embod-
iment.
[0066] First, a first example of the second camera
shake correction processing is described.
[0067] FIG. 5 is an illustration diagram showing an
overview of the first camera shake correction processing.
The imaging element 122 generates a pixel signal by
repeating a shutter s and a read r in each frame. OIS
Enable is a signal showing the execution and stop of
optical camera shake correction, and means that optical
camera shake correction is executed in the case of High
and optical camera shake correction is stopped in the
case of Low. SOF is a signal showing the stop of the
exposure of the image sensor 120 in each frame, and
shows that, in the case of High, exposure is stopped and
data are read from the image sensor 120.
[0068] In the case of executing the first camera shake
correction processing, at the timing of, in the exposure
time, the fall of signal SOF showing the finish of exposure,
the image sensor 120 changes signal OIS Enable show-
ing the execution and stop of optical camera shake cor-
rection from High to Low, and outputs a signal to the
driver 130. In the period in which OIS Enable is Low, the
actuator 140 is put into operation by the driver 130 to
perform the centering operation of the vibration-proof
lens, and electronic camera shake correction is per-
formed by, for example, the image sensor 120.
[0069] FIG. 6 is an illustration diagram showing an
overview of the first example of the second camera shake
correction processing of which the content is different
from the first camera shake correction processing. In the
case where the completion of the centering of the vibra-
tion-proof lens is not possible in the period other than the
exposure time, the image sensor 120 keeps OIS Enable
at High even at the timing of the fall of signal SOF showing
the finish of exposure. That is, in the second camera
shake correction processing shown herein, optical cam-
era shake correction is continued even in the period other
than the exposure time, and electronic camera shake
correction is performed in an auxiliary manner when a
camera shake that is large enough to exceed the driving
range of the vibration-proof lens has occurred.
[0070] FIG. 7 is an illustration diagram showing a de-
tailed overview of the first camera shake correction
processing. FIG. 7 shows an overview of the first camera
shake correction processing in six frames of frame f1 to
frame f6. The waveform marked with Gyro in FIG. 7 is

not the raw value of the gyro sensor showing the angular
velocity but a signal waveform showing the angle ob-
tained by integrating the raw values in the time direction.
[0071] In the first camera shake correction processing,
optical camera shake correction based on the sensing
data outputted by the gyro sensor 110 is performed in
the interval from the start to the finish of the exposure of
the image sensor 120. In the first camera shake correc-
tion processing, in the period from the finish of an expo-
sure to the start of the exposure of the next frame, the
optical camera shake correction is temporarily stopped
and the centering operation of the vibration-proof lens is
performed, and electronic camera shake correction of
the inter-plane correction is performed using the differ-
ence value between the frames in the gyro integrated
value at the timing of the start of the exposure of each
frame.
[0072] FIG. 8 is an illustration diagram showing a de-
tailed overview of the first example of the second camera
shake correction processing of which the content is dif-
ferent from the first camera shake correction processing.
FIG. 8 shows an overview of the second camera shake
correction processing in six frames of frame f1 to frame f6.
[0073] In the example shown in FIG. 8, the exposure
time is longer in frame f2 and the subsequent frames
than in frame f1. The image sensor 120 assesses that
the centering operation in the period other than the ex-
posure time is impossible in frame f2 and the subsequent
frames, based on the longer exposure time, and keeps
OIS Enable at High at all times. Therefore, in the one
example of the second camera shake correction process-
ing shown in FIG. 8, optical camera shake correction is
performed at all times.
[0074] The camera shake that cannot be removed by
the optical camera shake correction is corrected by elec-
tronic camera shake correction. In the case where optical
camera shake correction is thus performed at all times,
electronic camera shake correction is performed while
the position of the vibration-proof lens obtained by the
Hall element is subtracted from the sensing data sent
from the gyro sensor 110. The image processing unit 12
receives, in addition to the sensing data outputted by the
gyro sensor 110, information concerning the position of
the Hall element from the imaging unit 11, and performs
electronic camera shake correction.
[0075] Next, a second example of the second camera
shake correction processing is described.
[0076] The second example of the second camera
shake correction processing is processing that, even in
the case where the completion of the centering of the
vibration-proof lens is not possible in the period other
than the exposure time, performs the centering operation
in the period other than the exposure time, and performs
also electronic camera shake correction in the inter-plane
correction. In this case, depending on the position of the
vibration-proof lens at the time of the finish of exposure,
there is a possibility that the vibration-proof lens cannot
be returned to the center position; thus, correction with
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reference to the value of the Hall element is performed
at the time of electronic camera shake correction of the
inter-plane correction.
[0077] FIG. 9 is an illustration diagram showing a de-
tailed overview of the second example of the second
camera shake correction processing of which the content
is different from the first camera shake correction
processing. FIG. 9 shows an overview of the second cam-
era shake correction processing in six frames of frame
f1 to frame f6.
[0078] The example shown in FIG. 9 shows a situation
in which the vibration-proof lens cannot be returned to
the center position between frames f2 and f3, between
f4 and f5, and between f5 and f6. In view of such a case
where the vibration-proof lens cannot be returned to the
center position, correction with reference to the value of
the Hall element is performed at the time of electronic
camera shake correction of the inter-plane correction.
[0079] FIG. 10A is an illustration diagram showing an
example of the electronic camera shake correction
processing in the first camera shake correction process-
ing. In the electronic camera shake correction processing
in the first camera shake correction processing, for ex-
ample, a cut out area 152 is determined from the inside
of an image 151 on the assumption that the vibration-
proof lens is returned to the center position, which as-
sumption is derived from the sensing data of the gyro
sensor etc.
[0080] FIG. 10B is an illustration diagram showing an
example of the electronic camera shake correction
processing with reference to the value of the Hall element
in the second example of the second camera shake cor-
rection processing. In the electronic camera shake cor-
rection processing in the second example of the second
camera shake correction processing, for example, a cut
out area 153 is determined from the inside of the image
151 with reference to the sensing data of the gyro sensor
etc. and the value of the Hall element. The cut out area
153 has a range that is shifted from the cut out area 152
by a prescribed amount in accordance with the value of
the Hall element.
[0081] Finally, a third example of the second camera
shake correction processing is described.
[0082] The third example of the second camera shake
correction processing is processing that, in the case
where the completion of the centering of the vibration-
proof lens is not possible in the period other than the
exposure time, does not perform optical camera shake
correction but performs only electronic camera shake
correction.
[0083] FIG. 11 is an illustration diagram showing a de-
tailed overview of the third example of the second camera
shake correction processing of which the content is dif-
ferent from the first camera shake correction processing.
FIG. 11 shows an overview of the second camera shake
correction processing in six frames of frame f1 to frame f6.
[0084] In the example shown in FIG. 11, the exposure
time is different between frame f1, and frame f2 and the

subsequent frames. That is, the exposure time is longer
in frame f2 and the subsequent frames than in frame f1.
In frame f2 and the subsequent frames, the completion
of the centering of the vibration-proof lens is not possible
in the period other than the exposure time due to the
longer exposure time.
[0085] In such a case, in the third example of the sec-
ond camera shake correction processing, optical camera
shake correction is stopped, and only electronic camera
shake correction is executed. That is, the image sensor
120 continues to keep signal OIS Enable at Low, and the
driver 130 causes the driving of the actuator 140 to be
stopped.
[0086] In the third example of the second camera
shake correction processing, electronic camera shake
correction is executed as the inter-plane correction. In
this example, the electronic camera shake correction
may be performed on the basis of the sensing data out-
putted by the gyro sensor 110. However, even when op-
tical camera shake correction is stopped, the vibration-
proof lens is influenced by disturbance, and is therefore
difficult to completely immobilize. Hence, the electronic
camera shake correction may take into consideration not
only the sensing data outputted by the gyro sensor 110
but also the value of the Hall element.
[0087] In the above, the second camera shake correc-
tion processing of which the content is different from the
first camera shake correction processing is described
with three examples. The imaging unit 11 may determine
which to use as the second camera shake correction
processing on the basis of, for example, the length of the
exposure time, or may determine it on the basis of the
setting by the user. In the case of determination based
on the length of the exposure time, the imaging unit 11
may determine the content of the second camera shake
correction processing in the order of the second example,
the first example, and the third example described above
as the exposure time becomes longer, for example.

<2. Conclusions>

[0088] As described hereinabove, an embodiment of
the present disclosure provides the electronic apparatus
10 including the imaging unit 11 that performs, during the
normal period, the first camera shake correction process-
ing that performs optical camera shake correction as the
in-plane correction, performs electronic camera shake
correction as the inter-plane correction, and performs the
centering operation of the vibration-proof lens in the pe-
riod other than the exposure time, and that performs, in
the case where the exposure time is long and the center-
ing operation of the vibration-proof lens cannot be com-
pleted, the second camera shake correction processing
of which the content is different from the first camera
shake correction processing.
[0089] As the second camera shake correction
processing, the imaging unit 11 may perform the process-
ing of controlling the vibration-proof lens on the basis of
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the sensing data of the gyro sensor also in the period
other than the exposure time, may perform the centering
operation of the vibration-proof lens in the period other
than the exposure time and perform processing taking
the position of the vibration-proof lens into consideration
in electronic camera shake correction, and may stop op-
tical camera shake correction and perform only electronic
camera shake correction.
[0090] According to this embodiment, during the imag-
ing of moving images and during the continuous imaging
of still images, optical camera shake correction is per-
formed as the in-plane correction and thereby the in-
plane blur and the rolling shutter distortion can be re-
duced, and the inter-plane shift can be suppressed with
high accuracy.
[0091] Furthermore, while common technology cannot
complete the centering operation of the vibration-proof
lens and cannot perform camera shake correction effec-
tively in, for example, a dark scene with an exposure time
longer than 1/60 seconds, this embodiment can perform
camera shake correction processing favorably by switch-
ing the content of camera shake correction processing
in accordance with the length of the exposure time. The
technology according to this embodiment is very effective
particularly in an imaging mode that supports a very dark
scene at a frame rate of not 60 fps but 30 fps.
[0092] Steps in processes executed by devices in this
specification are not necessarily executed chronological-
ly in the order described in a sequence chart or a flow
chart. For example, steps in processes executed by de-
vices may be executed in a different order from the order
described in a flow chart or may be executed in parallel.
[0093] Further, a computer program can be created
which causes hardware such as a CPU, ROM, or RAM,
incorporated in each of the devices, to function in a man-
ner similar to that of structures in the above-described
devices. Furthermore, it is possible to provide a storage
medium having the computer program stored therein.
Moreover, by configuring respective functional blocks
shown in a functional block diagram as hardware or hard-
ware circuits, the hardware or hardware circuits can
achieve a series of processes.
[0094] It should be understood by those skilled in the
art that various modifications, combinations, sub-combi-
nations and alterations may occur depending on design
requirements and other factors insofar as they are within
the scope of the appended claims or the equivalents
thereof.
[0095] Further, the effects described in this specifica-
tion are merely illustrative or exemplified effects, and are
not limitative. That is, with or in the place of the above
effects, the technology according to the present disclo-
sure may achieve other effects that are clear to those
skilled in the art from the description of this specification.
[0096] In so far as the embodiments of the invention
described above are implemented, at least in part, using
software-controlled data processing apparatus, it will be
appreciated that a computer program providing such soft-

ware control and a transmission, storage or other medi-
um by which such a computer program is provided are
envisaged as aspects of the present invention.
[0097] Additionally, the present technology may also
be configured as below.

(1) An image stabilization device including:

a control unit configured to perform first camera
shake correction processing based on an optical
camera shake correction method using a lens
and second camera shake correction process-
ing based on an electronic camera shake cor-
rection method of cutting out a captured image,
wherein, in a case where an exposure time sat-
isfies a condition, the control unit operates in a
first camera shake correction mode in which a
centering operation of returning the lens to a
center position at a time point of start of each
frame is performed in a period other than the
exposure time and then the first camera shake
correction processing is performed in the expo-
sure time, and the second camera shake cor-
rection processing is performed in the period
other than the exposure time, and in a case
where the exposure time does not satisfy the
condition, the control unit operates in a second
camera shake correction mode different from
the first camera shake correction mode.

(2) The image stabilization device according to (1),
wherein the control unit operates so as to, as the
second camera shake correction mode, perform not
the centering operation but the first camera shake
correction processing and perform the second cam-
era shake correction processing in the period other
than the exposure time.
(3) The image stabilization device according to (1),
wherein the control unit operates so as to, as the
second camera shake correction mode, perform the
centering operation in the period other than the ex-
posure time and then perform the first camera shake
correction processing in the exposure time, and per-
form, when performing the second camera shake
correction processing in the period other than the
exposure time, the second camera shake correction
processing taking a difference between a position of
the lens and the center position at the time point of
start of each frame into consideration.
(4) The image stabilization device according to (1),
wherein the control unit operates so as to, as the
second camera shake correction mode, perform only
the second camera shake correction processing
while fixing the lens to the center position.
(5) The image stabilization device according to any
one of (1) to (4), wherein the condition is that it be
possible to return the lens to the center position at
the time point of start of each frame through the
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centering operation.
(6) An image stabilization method including:

assessing whether an exposure time satisfies a
condition or not; and
in a case of satisfying the condition, operating
in a first camera shake correction mode in which
a centering operation of returning a lens to a
center position at a time point of start of each
frame is performed in a period other than the
exposure time and then first camera shake cor-
rection processing based on an optical camera
shake correction method using the lens is per-
formed in the exposure time, and second cam-
era shake correction processing based on an
electronic camera shake correction method of
cutting out a captured image is performed in the
period other than the exposure time, and in a
case of not satisfying the condition, operating in
a second camera shake correction mode differ-
ent from the first camera shake correction mode.

(7) An electronic apparatus including:

the image stabilization device according to any
one of (1) to (5).

Claims

1. An image stabilization device comprising:

a control unit configured to perform first camera
shake correction processing based on an optical
camera shake correction method using a lens
and second camera shake correction process-
ing based on an electronic camera shake cor-
rection method of cutting out a captured image,
wherein, in a case where an exposure time sat-
isfies a condition, the control unit operates in a
first camera shake correction mode in which a
centering operation of returning the lens to a
center position at a time point of start of each
frame is performed in a period other than the
exposure time and then the first camera shake
correction processing is performed in the expo-
sure time, and the second camera shake cor-
rection processing is performed in the period
other than the exposure time, and in a case
where the exposure time does not satisfy the
condition, the control unit operates in a second
camera shake correction mode different from
the first camera shake correction mode.

2. The image stabilization device according to claim 1,
wherein the control unit operates so as to, as the
second camera shake correction mode, perform not
the centering operation but the first camera shake

correction processing and perform the second cam-
era shake correction processing in the period other
than the exposure time.

3. The image stabilization device according to claim 1,
wherein the control unit operates so as to, as the
second camera shake correction mode, perform the
centering operation in the period other than the ex-
posure time and then perform the first camera shake
correction processing in the exposure time, and per-
form, when performing the second camera shake
correction processing in the period other than the
exposure time, the second camera shake correction
processing taking a difference between a position of
the lens and the center position at the time point of
start of each frame into consideration.

4. The image stabilization device according to claim 1,
wherein the control unit operates so as to, as the
second camera shake correction mode, perform only
the second camera shake correction processing
while fixing the lens to the center position.

5. The image stabilization device according to claim 1,
wherein the condition is that it be possible to return
the lens to the center position at the time point of
start of each frame through the centering operation.

6. An image stabilization method comprising:

assessing whether an exposure time satisfies a
condition or not; and
in a case of satisfying the condition, operating
in a first camera shake correction mode in which
a centering operation of returning a lens to a
center position at a time point of start of each
frame is performed in a period other than the
exposure time and then first camera shake cor-
rection processing based on an optical camera
shake correction method using the lens is per-
formed in the exposure time, and second cam-
era shake correction processing based on an
electronic camera shake correction method of
cutting out a captured image is performed in the
period other than the exposure time, and in a
case of not satisfying the condition, operating in
a second camera shake correction mode differ-
ent from the first camera shake correction mode.

7. An electronic apparatus comprising:

the image stabilization device according to claim
1.
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